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In recent years, with the continuous development of the port container 
transportation industry, water transport has become the mainstream of the transport 
industry. The increasing of the port construction, transport ship more and more 
large-scale, has also led to the rise of the port container load handling equipments. 
According to statistics, more than 2,000 cranes around the world (referred to as 
the "Quay Crane"), of which approximately 70% were manufactured by Shanghai ZhenHua 
Heavy Industry (Group) Co., Ltd. 
The general Quay Crane design life is 20 years. In fact, to save costs, maximize 
the value in use of the equipment, the use of the unit using the time far exceed 
the design life of this type of equipment. For example, at ZhangZhou Port, two cranes 
manufactured by Hitachi of Japan in 1975 has been used for 36 years, the structure 
performance is still in good condition. In fact, the world's port machinery 
association or management agencies were not proposed a standard in terms of container 
crane scrapped. The Port Machinery Association of China is organizing with the 
Beijing the water transport Institute and the Shanghai Zhenhua Heavy Industries 
draft the standard. 
Based on the theory of finite element theory and crane dynamics, finite element 
analysis software ANSYS platform, focusing on the modal analysis of the crane bridge 
structure and transient dynamics analysis, and take the steel structure detection 
means measured realize the Harbour Bridge, to judge the steel structure of the crane 
safety, reliability and life, and to take effective measures to extend the life of 
equipment, to avoid security risks. The main contents are as follows: 
1. Theoretical analysis: 
Crane dynamics theory to establish the related dynamics model, and the bridge 














as well as the analysis of the dynamic stress). 
2. Steel structure detection: 
The main metal structure through weld ultrasonic testing, the plating thickness 
detection of the main metal structure, the main beam deflection detection of the 
main load-bearing structure of static stress testing, detection of dynamic stress 
of the main load-bearing structure, the main force component fatigue life test as 
well as fatigue life estimation. 
Through the analysis of data modelling theory and actual test results of 
mechanical equipment, that able to achieve the implementation of the real time 
control of the steel structure of the mechanical equipment performance status, and 
can detect the problem and take effective action to extend the life of equipment. 






























第 1 章 绪论 .............................................1 
1.1  课题研究目的和意义........................................ 1 
1.2  国内外相关研究动态........................................ 2 
1.2.1  动力学分析理论及应用..................................2 




1.2.3  模态分析理论及 ANSYS 在模态分析中的应用和发展..........9 
1.3  课题研究内容...........................................11 
第 2 章  动态设计理论和有限单元法........................12 
2.1 动态设计的基本理论........................................ 12 
2.1.1 机械结构振动系统数学模型的建立........................14 
2.1.2 振动系统的求解方法 ....................................15 
2.2 有限元法理论.............................................. 19 
2.2.1 有限单元法概述........................................19 
2.2.2  有限元法的发展及其在各领域中的应用...................20 
2.3 机械结构动力分析的有限元方法.............................. 22 
2.3.1 结构系统的运动方程 ....................................22 
2.3.2 结构动力响应的数值计算方法............................25 
2.4  本章小结................................................. 28 
第 3 章  起重机金属结构动力分析..........................29 
3.1  起重机动力学问题......................................... 29 
3.2  起重机动力载荷和动力系数的概念........................... 30 
3.3  重物悬吊在空中起动和制动时的动载荷 ....................... 31 
3.4  ANSYS 软件简介 ........................................... 32 
3.4.1 有限元分析与 ANSYS ....................................32 
3.4.2 ANSYS 软件的特点......................................33 
3.4.3 ANSYS 软件的计算分析过程 ..............................34 
3.5 本章小结.................................................. 36 














4.1 ANSYS 进行模态和瞬态分析的基本过程 ........................ 37 
4.1.1 ANSYS 模态分析简介 ....................................37 
4.1.2 ANSYS 瞬态分析简介 ....................................39 
4.2 有限元分析中钢丝绳滑轮的处理.............................. 41 





4.4 本章小结.................................................. 53 
第 5 章   桥式起重机起制动时的动态分析...................54 
5.1 上升起动工况.............................................. 54 
5.2 上升制动工况.............................................. 56 
5.3  结果分析................................................. 57 
5.4 本章小结.................................................. 57 
第 6 章  桥式起重机钢结构检测............................58 
6.1  QC01 桥式起重机主要技术参数 .............................. 58 
6.1.1   桥式起重机主要技术参数..............................58 
6.1.2  桥式起重机主要工作机构性能参数.......................59 
6.2 主要金属结构超声波探伤.................................... 60 
6.3  主要金属结构板厚检测..................................... 61 
6.4  主梁下挠度检测........................................... 65 
6.4.1  测试目的.............................................65 
6.4.2  测试工况.............................................65 
6.4.3 下挠度检测结果........................................65 






6.6  主要承载结构动应力检测................................... 70 
6.6.1 测试目的..............................................70 






















6.8  本章小结................................................. 83 
第 7 章  钢结构延寿措施..................................84 
7.1 钢结构日常维护保养措施.................................... 84 
7.2 钢结构维修、加固措施...................................... 84 
7.2.1  海、陆侧联系横梁与大梁连接部位的修复方案.............85 
7.2.2  海侧、陆侧上横梁内机加强.............................85 
7.2.3 小车架主结构加固 ......................................86 
7.2.4  司机室加固方案.......................................87 





























Table of Contents 
Table of Contents 
 
Chapter1 Introduction .................................... 1 
1.1  Research topics and sources............................... 1 
1.2  Study on the dynamic issues associated with ............... 2 
1.2.1  Dynamics analysis theory and its application..........2 
1.2.2  Software modeling and dynamic analysis................7 
1.2.3  The development of modal analysis and ANSYS...........9 
1.3  Research content......................................... 11 
Chapter2 Dynamic design theory and finite element method..12 
2.1 The basic theory of dynamic design ........................ 12 
2.1.1  The basic theory of dynamic design...................14 
2.1.2  Method of solving vibration system...................15 
2.2  The theory of finite element method ...................... 19 
2.2.1  Overview of the finite element method................19 
2.2.2  Development of finite element method and application.20 
2.3  Finite element method for dynamic analysis ............... 22 
2.3.1  The equations of motion of the structural system.....22 
2.3.2  Numerical method for calculating the dynamic response25 
2.4  Summary.................................................. 28 
 Chapter3 Introduction to dynamic analysis and ANSYS ... 29 
3.1  Dynamics problem......................................... 29 
3.2  The concept of dynamic loads and dynamic coefficients .... 30 
3.3  Dynamic load weight during starting and braking .......... 31 
3.4  ANSYS software........................................... 32 
3.4.1 Finite element analysis and ANSYS.....................32 
3.4.2 The features of ANSYS software........................33 
3.4.3 Calculation of ANSYS software analysis process........34 
3.5 Summary................................................... 36 
Chapter4 The influence of wire rope on the dynamic 













Table of Contents 
4.1 The basic process of ANSYS modal and transient analysis ... 37 
4.1.1 ANSYS modal analysis..................................37 
4.1.2 ANSYS transient analysis..............................39 
4.2 The finite element analysis of the steel wire rope pulley 41 
4.3 Analysis of dynamic characteristics of the steel wire rope 
vibration under consideration................................. 42 
4.3.1 Modal analysis of the steel wire rope pulley block....43 
4.3.2 The calculation of drive force of steel wire rope pulley 
group dynamics..............................................45 
4.3.3 Static analysis and modal analysis of the bridge structure
............................................................46 
4.3.4 Considering the transient vibration of bridge structure, 
steel wire rope vibration...................................50 
4.4 Summary................................................... 53 
 Chapter5  Dynamic analysis of braking .................. 54 
5.1 Hoist starting............................................ 54 
5.2 Hoist braking............................................. 56 
5.3  Resluts.................................................. 57 
5.4  Summary.................................................. 57 
 Chapter6  Steel structure of bridge crane detection .... 58 
6.1  QC01Main technical parameters............................ 58 
5.1.1   Main technical parameters...........................58 
5.1.2  Main working technical parameters....................59 
6.2  Ultrasonic inspection.................................... 60 
6.3  Thickness measurement.................................... 61 
6.4  Measure the deflection of girder ......................... 65 
5.4.1  The purpose of testing...............................65 
5.4.2  Test conditions......................................65 
5.4.3 Deflection test results...............................65 
6.5 The main bearing structure static stress test ............. 65 
5.5.1 The purpose of testing................................65 
5.5.2 The arrangement of measuring points...................66 















Table of Contents 
6.6  Bearing structure dynamic stress test .................... 70 
5.6.1 The purpose of testing................................70 
5.6.2 The arrangement of measuring points...................70 
5.6.3 Test conditions.......................................71 
5.6.4 Resluts...............................................71 
5.6.5 Conclusion............................................72 
6.7  Estimation of fatigue life test and fatigue life ......... 75 
5.7.1 Data capture..........................................75 
5.7.2 Data analysis.........................................76 
5.7.3 Life estimation.......................................76 
5.7.4 Conclusion............................................83 
6.8  Summary.................................................. 83 
 Chapter7  Life extension method ........................ 84 
7.1  Daily maintenance measures............................... 84 
7.2  Repair and reinforcement measures ...........................84 


















第 1 章 绪论 
  1
第 1 章 绪论 
 




































第 1 章 绪论 
  2
1.2  国内外相关研究动态 







































































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
